My aim was to show how individual-oriented (or artificial life) models may provide an integrative background for the development of theories about dominance by including effects of spatial structure. Dominance interactions are thought to serve two different, contrasting functions: acquisition of high rank and reduction of aggression. The model I present consists of a homogeneous virtual world inhabited by artificial agents whose actions are restricted to grouping and dominance interactions in which the effects of winning and losing are self-reinforcing. The two functions are implemented as strategies to initiate dominance interactions and the intensity of aggression and dominance perception (direct or memory based) are varied experimentally. Behaviour is studied by recording the same behavioural units as in real animals. Ranks appear to differentiate more clearly at high than at low intensity of aggression and also more in the case of direct than of memory-based rank perception. Strong differentiation of rank produces a cascade of unexpected effects that differ depending on which function is implemented: for instance, a decline in aggression, spatial centrality of dominants and a correlation between rank and aggression. Insight into the origination of these self-organized patterns leads to new hypotheses for the study of the social behaviour of real animals.
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Peck orders in birds were first described by SchjelderupEbbe (1922) and since then social dominance has been considered of overwhelming social importance by some, but of little explanatory value by others (Gartlan 1968; Rowell 1974; Drews 1993) . Polemics arise partly because functional and structural perspectives are not properly distinguished, and because implicitly different definitions are used, which describe dominance as a feature of either an individual, or an attribute of an interaction, or of a relationship or of a group (Drews 1993). Central to the debate is the relationship between dominance and aggression (Francis 1988) . There are two opposing functional views. On the one hand, high rank is believed to offer optimal access to resources and, therefore, individuals should seize every opportunity to increase in rank (e.g. see Popp & DeVore 1979) . On the other, the function of a dominance hierarchy is thought to reduce costs associated with aggression and, therefore, individuals should avoid conflicts as soon as relationships are clear. In some species rank and aggression are correlated, but this is not a consistent feature of animal societies and a coherent framework that integrates theories and observations is still needed (Francis 1988) .
My aim in the present paper is to show how individualoriented or artificial life models may provide such an integrative framework. These models represent behavioural acts and their feedback relations with their spatial and social context and they allow us to experiment with different behavioural rules. By recording what happens in the model, one can see how complex behavioural patterns may arise by self-organization. These patterns are unanticipated because they are not designed in the behavioural rules of the agents, but they are essential for understanding the integration of behavioural patterns.
I illustrate this with a model on bumblebees by Hogeweg & Hesper (1983 , 1985 . In colonies of bumblebees the queen is the only member that reproduces for most of the season, because she suppresses reproduction in workers. About 2 weeks before the season ends, however, the workers start laying eggs and the queen switches from producing workers to producing drones. According to the generally accepted view, the fixed timing of the switch is adaptive and regulated by an external cue. Hogeweg & Hesper, however, showed how such an invariable switchpoint emerges in an individual-oriented model without any external signal. In their model, the queen inhibited oviposition by workers via dominance interactions that were self-reinforcing. This implies that victory (and defeat) increased the chance of victory (and defeat) in subsequent interactions. As a consequence, two rank categories of workers developed: the so-called elite and the common workers. By the end of the season, the colony had grown and then, by sheer force of numbers, it 
